Summary. The 
Introduction
The early mammalian blastocyst consists of an inner cell mass (ICM) and outer trophectoderm cells. The latter form a layer of polarized cells (Ducibella, 1977; Reeve, 1981) , which is selectively permeable and responsible for the creation of a microenvironment within the blastocyst (Biggers et al, 1988) . It has been shown that transport of ions such as Ca2+ and of fluid contributes to the formation of the blastocoele (Schlafke & Enders, 1967; Kaufman, 1983) . The presence of junctional complexes between the trophectoderm cells appears to be the morphological condition for these nett transport processes (McLaren & Smith, 1977) .
The inner cells differentiate much later. In most species they are surrounded by trophectoderm cells until implantation which usually starts almost immediately after hatching of the blastocyst from the zona pellucida. In ungulates, however, the preimplantation period is prolonged. In the pig, hatching takes place at Day 6 (Perry & Rowlands, 1962; Hunter, 1977) , while attachment of trophectoderm to the uterine epithelium does not take place before Day 13 (Dantzer, 1985) . In cow (Betteridge & Fléchon, 1988) , horse (Enders et al, 1988) and pig (Geisert et al, 1982; Stroband et al, 1984 ) the trophectoderm cells covering the ICM ('polar trophectoderm' or 'Rauber cells') disappear some days after hatching: in the pig usually around Day 10 when the rapidly expanding blastocysts have reached a mean diameter of 3 mm. As a consequence, ICM cells form a part of the outer cell layer from that moment onwards. The pig blastocysts continue to expand to a diameter of about 10 mm at Day 11-12, followed by rapid tubulation and filamentation shortly before attachment takes place.
The question arises of whether and how the selectively permeable seal, formed by the trophecto¬ derm, is maintained after the loss of Rauber's cells. As a part of this largely ultrastructural study, blastocysts were also incubated in a ferritin solution, or ferritin was injected into the blastocoele, to study the possible uptake and transport of macromolecules.
It has been suggested that within-litter variation in embryo development might be a cause of embryonic mortality (Pope & First, 1985; Wilmut et al, 1985; Pope et al, 1986) . Reports on pig blastocyst development use mainly its diameter as an indicator for developmental stage. However, Wright et al (1983) found no correlation between blastocyst volume and blastocyst protein between Days 6 and 9, throwing doubt on the significance of a measure such as blastocyst diameter. In this report, the cell number of the embryoblasts and the diameter of the blastocysts were deter¬ mined in an attempt to verify the value of blastocyst diameter as an indicator for variation in embryo development.
Materials and Methods
For the ultrastructural study, 36 Yorkshire-Dutch Landrace interbreed gilts (Y/DL) were used. All these gilts were inseminated artificially on Day 0 of their third oestrus (i.e. the day oestrus is first detected), using semen of Yorkshire boars. The animals were slaughtered between Day 5 and Day 12 after insemination and the embryos were flushed from the pregnant uterus within 5 min after death, using 30 ml of a medium containing (w/v) 0-72% NaCl, 0045% KC1, 0-025% CaCl2, 002% KH2P04, 0038% MgS04, 0-25% NaHC03, 0-28% sodium lactate and 0003% sodium pyruvate.
For routine transmission electron microscopy, embryos were fixed immediately after flushing in a fixative contain¬ ing 3% glutaraldehyde in 01 M-cacodylate buffer (pH7-2) with 1% glucose for 1-1-5 h at room temperature, and post-fixed in 1 % solution Os04 for 1 h at 4°C. After embedding in Epon 812, ultrathin sections were cut on a Reichert OMU IV ultramicrotome, using a Diatome diamond knife, and stained with uranyl acetate and lead citrate. Photo¬ graphs were made with a Philips EM400 electron microscope. For light microscopy semi-thin sections were made from Epon-embedded embryos, and stained with 1 % toluidine blue.
For the ferritin absorption experiments, 39 embryos of Days 5-12 were placed for 3^45 min at 37°C in fresh flushing medium containing 1% native ferritin (horse spleen, mol. wt. 800 000; Merck. Darmstadt, FRG). In 26 other embryos, which were 9 or 10 days old, about 5 ml 2-5% ferritin dissolved in flushing medium was injected into the blastocoele with a glass needle (tip-diameter~1 0 pm), mounted on a Leitz microinjection apparatus. Incubation was carried out for 3-45 min at 37°C. Afterwards, the ferritin-incubated embryos were treated for routine electron microscopy as described above. Photographs were made of unstained sections.
For study of the relationship between embryoblast cell number and blastocyst diameter, 4 gilts received an intra¬ muscular injection of 100 pg GnRH (Ovalyse®, Upjohn, Ede, The Netherlands) 2 h after first detection of oestrus. Artificial insemination followed 24 h later. After slaughter at Day 11 after GnRH, the blastocysts (51) (Fig. 4 ) separated the hypoblast from the trophecto¬ derm and the embryoblast. This basal lamina was closely attached to the trophectoderm and embryoblast cells. Where polar trophectoderm covered the embryoblast the basal lamina did not follow this layer but deviated and followed the embryoblast cells, suggesting that the basal lamina originates from hypoblast-trophectoderm or hypoblast-embryoblast interaction. A space, at many places bridged by hypoblast filapodia, separated the hypoblast from the overlying cells (Fig. 4) . Since the hypoblast cells showed wide fenestrations, this space made contact with the blastocoele.
At Day 11, during tubulation, the first mesoderm cells split off from the embryoblast and spread in between embryoblast or trophectoderm and hypoblast (Fig. 8) (Fig. 5) . The cells lining these spaces, which ultimately will differentiate into embryonic ectoderm (epiblast), developed marked microvilli, projecting into the spaces. They had well developed junctional complexes connecting neighbouring cells (Fig. 10) . Light microscopical observations of successive sections through the whole embryo showed that these spaces were in direct contact with the uterine lumen via small gaps in Rauber's layer. Consequently, they are part of the 'milieu extérieur' of the embryo.
During Days 9 and 10 these spaces seemed to unite into one large space (Figs 6, 9 
Discussion
The different developmental stages of pig embryos and their general morphological characteristics, as described in this study, are in accordance with previous data (Hunter, 1974; Anderson, 1978; Lindner & Wright, 1978; Geisert et al, 1982; Stroband et al, 1984 Stroband et al, , 1986 .
Our results suggest that in the pig polarization of the outer cells and their interconnection by junctional complexes are correlated to the process of compaction and, later on, blastulation, as holds for other mammals such as the mouse and rat (Ducibella, 1977; Reeve, 1981) , and cow (Betteridge & Fléchon, 1988) . In the rat and the mouse, the development of intercellular junctions precedes blastocyst expansion (Schlafke & Enders, 1967; Ducibella & Anderson, 1975) . The forma¬ tion of junctional complexes is likely to be a prerequisite for transport processes through the outer cell layer. In the pig, extreme expansion of the blastocyst takes place during, and proceeds after, hatching, as holds for other ungulates (Betteridge & Fléchon, 1988; Enders et al, 1988 Fig. 4 . TEM. A hypoblast filapodium bridges the space between a hypoblast cell and the basal lamina of an embryoblast cell. Day 9, 17 000. must be the main factor responsible for such an increase, which makes high demands upon the junctional complexes and the trophectoderm cells as a pumping mechanism. Both proliferation and flattening of the trophectoderm cells take place during expansion (Geisert et al, 1982) .
The space between hypoblast and trophectoderm, only bridged by hypoblast filapodia, suggests that the trophectoderm is primarily responsible for the formation of the basal lamina, which is closely attached to it. Our data concerning the time of formation of the basal lamina suggest that the hypoblast cells induce its formation by the trophectoderm cells. According to Betteridge & Fléchon (1988) , hypoblast cells probably migrate along an acellular matrix. In contrast to our findings, Fléchon et al. (1987) found a basal lamina in the pig blastocyst before the hypoblast was formed. In cow (Linares & Ploën, 1981) and sheep (Wintenberger-Torrès & Fléchon, 1974) a basal lamina was not found before the blastocyst consisted of 2 layers of cells. Our finding, that a basal lamina was present between the ICM and hypoblast, while it was absent between the ICM and polar trophectoderm, also suggests that the hypoblast may induce its formation.
The presence of fenestrations in the extra-embryonic hypoblast has been previously described (Geisert et al, 1982; Stroband et al, 1984) , but its significance is not clear. The connection of the space between hypoblast and trophectoderm with the blastocoele may facilitate transport processes.
In contrast to the trophectoderm, the cells of the ICM did not show early polarization or formation of junctional complexes. This is in accordance with observations on the pig (Norberg, 1973) , cow (Betteridge & Fléchon, 1988) and horse (Enders et al, 1988 (Betteridge & Fléchon, 1988) .
Embryoblast cells, after becoming part of the surface of the blastocyst, obviously do not flatten during further expansion as do trophectoderm cells. Therefore, the mechanism of unfolding of the preformed embryonic ectoderm, as found in the pig during loss of polar trophectoderm, may pre¬ vent physical damage to this tissue and may maintain the integrity of the blastocyst. Furthermore, the rapid increase of the embryoblast surface area may cause rupture of Rauber's layer, which seems to be lost almost all at once in the pig, leaving only a few cells as remnants on the surface of the ICM (Geisert et al, 1982; Stroband et al, 1984) . In the horse, such an unfolding process was not found: Enders et al. (1988) demonstrated that polar trophectoderm cells became dispersed over (Fig. 3) . Note the spaces (arrows) which develop within the embryoblast, 500. Fig. 6 . The spaces within the embryoblast of this Day-9 blastocyst are united into a large space (arrow). Note the disappearance of some Rauber cells (asterisk), 500. Fig. 7 Trophectoderm cells of the pig, horse and cow contain many lysosomes. The uptake of ferritin appears to be followed by digestion in these structures, since no ferritin was found in intercellular spaces, or in basal parts of the cells. Nevertheless, maternal proteins have been found in the blasto¬ coele of several mammalian species (Hafez, 1971; Beier, 1985) , illustrating the selectivity of the trophectodermic barrier. The uptake of native ferritin mainly reflects fluid phase absorption. According to Fleming & Goodall (1986) fluid phase-absorbed macromolecules are digested in the trophoblast lysosomal system, while membrane-coupled uptake also is related to transcytosis in the mouse.
We demonstrated the ability of hypoblast, embryoblast and trophectoderm cells to take up ferritin from the blastocoele. This is in accordance with ultrastructural features such as coated pits and pinocytotic vesicles along the basal and lateral membranes of these cells. Similar results were obtained in injection experiments carried out on mouse embryos (Fleming & Goodall, 1986) . Since cells of all three layers have the ability to absorb ferritin from the blastocoele, the absence of the tracer, after external supply, in all but trophoblast cells appears to be the result of a lack of trans¬ port to the blastocoele. This was also indicated by the absence of ferritin in intercellular spaces. Together these results underline the function of the outer layer of cells, formed by the trophoblast alone or the trophoblast and the embryoblast, as a, probably selective, barrier. The significance of the observed phenomena and the function of the substances dissolved in the blastocoelic fluid are unknown and further research is required.
The morphology of the embryoblast may also help to describe the developmental stage of the blastocyst accurately. This is important for the determination of between-litter and within-litter variation in development. The endogenous LH peak in the female pig may be found up to 24 h before or after first standing oestrus (Helmond et al, 1986) . This is a cause of between-litter variation in embryonic development at the same time after insemination. In the present study, in an attempt to decrease this variation in the 4 experimental animals, GnRH was used to induce the LH peak. 
